Turkish Journal of Botany
Volume 43

Number 5

Article 7

1-1-2019

Nutlet structures of subsection Fragiles of the genus Stachys
(Lamiaceae) from Turkey and their systematic applications
MEHMET CENGİZ KARAİSMAİLOĞLU
ÖZAL GÜNER

Follow this and additional works at: https://journals.tubitak.gov.tr/botany
Part of the Botany Commons

Recommended Citation
KARAİSMAİLOĞLU, MEHMET CENGİZ and GÜNER, ÖZAL (2019) "Nutlet structures of subsection Fragiles
of the genus Stachys (Lamiaceae) from Turkey and their systematic applications," Turkish Journal of
Botany: Vol. 43: No. 5, Article 7. https://doi.org/10.3906/bot-1812-31
Available at: https://journals.tubitak.gov.tr/botany/vol43/iss5/7

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Botany by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Botany

Turk J Bot
(2019) 43: 659-672
© TÜBİTAK
doi:10.3906/bot-1812-31

http://journals.tubitak.gov.tr/botany/

Research Article

Nutlet structures of subsection Fragiles of the genus Stachys (Lamiaceae) from Turkey
and their systematic applications
1,

2

Mehmet Cengiz KARAİSMAİLOĞLU *, Özal GÜNER
Department of Biology, Faculty of Arts and Sciences, Siirt University, Siirt, Turkey
2
Department of Biology, Faculty of Science, Gazi University, Ankara, Turkey

1

Received: 16.12.2018

Accepted/Published Online: 18.06.2019

Final Version: 06.09.2019

Abstract: This paper includes the morphological and anatomical characters of the nutlets of 7 endemic species of the subsection Fragiles
of the genus Stachys (Lamiaceae) from Turkey and the systematic significance of these characteristics, using one-way analysis of variance
and cluster and principal component analyses. Morphological characters such as the dimensions, shapes, colors, and surfaces of the
nutlets were studied using light and scanning electron microscopes. The structures and thicknesses of the pericarp and endosperm
layers, as well as the sizes of the cotyledon in the nutlets, were anatomically studied. The outcomes revealed that the taxa vary from
each other in terms of nutlet shape and color. The nutlet dimensions range from 1.31 mm to 3.49 mm in length and from 0.84 mm to
1.95 mm in width. While Stachys longiflora and S. pseudopinardii have the largest nutlets, S. chasmosericea has the smallest. The nutlet
surface ornamentation was recorded as 5 types: reticulate, scalariform, reticulate-foveate, ruminate, and rugose. The most common type
is reticulate; however, the other ornamentation types are specific for the studied taxa. Anatomically, the structure and thickness of the
pericarp parts and the endosperm and the size of the cotyledon are very important characteristics that disclose interspecific relations
within the studied taxa. A key is presented for the identification of the examined taxa based on the nutlet properties.
Key words: Anatomy, Fragiles, Lamiaceae, morphology, nutlet, scanning electron microscopy, Stachys

1. Introduction
The genus Stachys L., one of the largest genera in the family
Lamiaceae, comprises approximately 370 species (435 taxa)
(Harley et al., 2004; Govaerts, 2015; Akçiçek et al., 2016).
It is composed of annual and perennial herbs, and small
shrubs. The genus is widespread, from the Mediterranean
to southwestern Asia, and from North and South
America to southern Africa (Bhattacharjee, 1980). Stachys
comprises 88 species (114 taxa), 59 of which are endemic,
including 13 subsections and 13 sections in Turkey, one
of the diversity centers of the genus (Bhattacharjee, 1980;
Davis et al., 1988; Duman, 2000; Scheen et al., 2010; Güner
and Akçiçek, 2015; Akçiçek et al., 2016; Martin et al.,
2016).
The section Fragilicaulis R.Bhattacharjee comprises 30
taxa, with a small distribution in Turkey, northern Iraq,
and western Iran. In Turkey, the section comprises 22
taxa, with an endemism rate of 72.7% from 2 subsections:
Fragiles Rech.f. and Multibracteolatae R.Bhattacharjee.
These taxa are suffrutescent saxatile perennials and their
stems are fragile at the base. The section is separated by
the determined characters from the rest of the sections

of the genus. They commonly occur in Irano-Turanian
phytogeographical areas (Bhattacharjee, 1982; Rechinger,
1982; Davis et al., 1988; Güner, 2016; Martin et al., 2016).
Some taxonomic and morphological revisions
have been performed on the genus Stachys, concentrating
on certain geographical areas such as North America
(Nelson, 1981; Lindqvist and Albert, 2002), East Africa
(Demissew and Harley, 1992), Europe (Ball, 1972),
Turkey (Bhattacharjee, 1982), and Iran (Rechinger, 1982;
Salmaki et al., 2012). In these revisions, the discriminative
characters were mostly based on the growth habit (annual
or perennial), number of flowers in the verticillasters,
calyx shape, corolla color, size of the bracteoles, and
stem type (herbaceous or woody) (Salmaki et al., 2012).
Many morphological characters in Stachys are inconstant,
and they can vary among closely related taxa (Falciani,
1997; Erdoğan et al., 2011; Akçiçek et al., 2012). Hence,
it is necessary to investigate using other characteristics of
the taxa to resolve the taxonomic difficulties concerning
closely related taxa.
Seeds or fruits include distinctive morphological
properties, such as the shape, color, size, and
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microstructures, and they might offer valuable aid for
plant taxonomy. Specifically, the micromorphological
characters studied under scanning electron microscopy
(SEM) display a wide variation from the subspecies to the
family level, and they do not change easily with the effects of
environmental conditions (Barthlott, 1981; Karaismailoğlu,
2015). Moreover, SEM studies are frequently used to
address taxonomic problems concerning closely related
taxa, create their evolutionary relationships, and elucidate
their adaptive importance (Karaismailoğlu and Erol, 2018).
To date, many researchers have defined the taxonomic
significance of SEM studies for nutlet surface characters
in many genera of the family Lamiaceae (Husain et al.,
1990; Demissew and Harley, 1992; Marin et al., 1996;
Budantsev and Lobova, 1997; Krestovskaya and Vassiljeva,
1998; Jamzad et al., 2000; Dinç and Öztürk, 2008; Kaya and
Dirmenci, 2008; Salmaki et al., 2008; Dinç et al., 2009; Satıl
et al., 2012; Ecevit Genç et al., 2015; Ecevit-Genç et al., 2017;
Khosroshahi and Salmaki, 2018).
In addition, anatomical structures are typically as useful
as morphological structures for plant diagnostics, and they
are valuable in the discrimination of closely correlated taxa
(Karamian et al., 2012; Karaismailoğlu, 2015). Specifically,
in the family Lamiaceae, the anatomy of the pericarp has
been accepted as a very valuable taxonomic characteristic,
as verified by many researchers (Hedge, 1970; Ryding, 1992,
1994, 1995, 2001; Harley et al., 2004; Moon and Hong,
2006).
The subsection Fragiles of sect. Fragilicaulis comprises
7 endemic taxa in Turkey, which are S. longiflora Boiss.
& Balansa, S. euadenia P.H.Davis, S. pinardii Boiss., S.
antalyensis Ayaşligil & P.H.Davis, S. buttleri R.R.Mill,
S. pseudopinardii R.Bhattacharjee & Hub.-Mor., and S.

chasmosericea Ayaşligil & P.H.Davis (Bhattacharjee, 1982;
Güner, 2016). However, there have been no reports on the
nutlet morphology and anatomy of the defined taxa thus far.
The purpose of this paper is to offer a detailed description
of the nutlet morphology and pericarp characters of 7
endemic taxa belonging to the subsection Fragiles of the
genus Stachys as a whole, using light microscopy and SEM,
and to assess the taxonomic importance of such characters
in light of the variations between the studied taxa of the
genus.
2. Materials and methods
The studied plant specimens were collected from different
regions of Turkey during the fruiting period. Data about the
plant material are presented in Table 1. The specimens were
stored in the herbarium of Gazi University (GAZI), Turkey.
Macromorphological features of the nutlets, such as
color, shape, dimension, and surface characters, were studied
on 100 fruits using an Olympus SZX7 stereomicroscope
and Kameram Imaging Software (Figure 1; Table 2). For
the micromorphological features of the nutlets, such as the
surface ornamentation, anticlinal and periclinal cell walls,
and structure of the epidermal cells, the nutlets were fixed
on a stub with silver epoxy and enclosed with platinum and
gold. Afterwards, the specimens were studied using a JEOL
Neoscope-5000 scanning electron microscope (Figure 2;
Table 2).
Examinations of the anatomical features were made
on nutlets obtained from the herbarium materials. Crosssections were taken from the middle of the nutlets using a
fully automatic microtome (Thermo Shonda Met Finesse).
Afterwards, they were treated with various series of alcohol
and xylene and stained with hematoxylin and eosin-Y

Table 1. Examined taxa and their origins.
Subsection Taxa

Location

Voucher

Fragiles
Stachys longiflora Boiss. & Balansa
S. euadenia P.H.Davis
S. pinardii Boiss.
S. antalyensis Ayaşligil & P.H.Davis
S. buttleri R.Mill.
S. pseudopinardii Bhattacharjee & Hub.-Mor.
S. chasmosericea Ayaşligil & P.H.Davis
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Mersin: Işıktepe village, Kızıldere, calcareous areas,
shaded areas, 200–250 m, 22.04.2013
Karaman: Ermenek, Kazancı, Hamitseydi, Kırboğazı,
stony areas, 1700 m, 12.07.2013,
Antalya: Yaniköy, Kırkgöz, calcareous areas,
300–350 m, 24.05.2013
Antalya: Manavgat, Beşkonak, Altınkaya, Zerk plain,
stony areas, 1275 m, 25.05.2013
Antalya: Düden, waterfall surroundings, 88 m,
20.04.2013
Mersin: Silifke, Cennet cave, 30 m, 23.06.2015
Antalya: Manavgat, east of Beşkonak, Karadağ,
825 m, 25.05.2013

Ö.Güner 2302
Ö.Güner 2374
Ö.Güner 2326
Ö.Güner 2355
Ö.Güner 2300
Ö.Güner 2545
Ö.Güner 2324
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Figure 1. Nutlets of the examined taxa: 1- S. longiflora, 2- S. euadenia, 3- S. pinardii, 4- S. antalyensis,
5- S. buttleri, 6- S. pseudopinardii, 7- S. chasmosericea (scale bars = 1 mm).

in a staining device (ASC 720 Medite), then covered
with Entellan (Figures 3 and 4; Table 3) (Karaismailoğlu,
2015, 2016; Karaismailoğlu and Erol, 2018). Anatomical
characteristics were detected using an Olympus CX21FS1
microscope and Kameram Imaging Software.
The terminology of the morphological and anatomical
characters is given in accordance with that of Stearn (1985)
and Ryding (1992, 1994, 1995, 2001).
The information gained from the observed parameters
was evaluated using SPSS 15.0 for Windows (SPSS Inc.,
Chicago, IL, USA). Duncan’s multiple-range test was utilized
to define the statistical importance of the variances among
the recorded values from the different taxa. Grouping of

the taxa was performed using the cluster analysis process
(unweighted pair group method with arithmetic mean,
UPGMA) in accordance with the 10 characteristics in
Tables 2 and 3 (Figure 5). In addition, the similarity matrix
of the studied taxa was designed using the MultiVariate
Statistical Package (Kovach Computing Services, Pentraeth,
UK) (Table 4).
3. Results
In this study, nutlet characteristics of the studied taxa such
as color, shape, dimension, and surface structure were
morphologically assessed. The nutlet color of the examined
taxa was taupe or black. The most common color was black,
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Taupe

Taupe

Black

Black

Black

Taupe

Black

Stachys longiflora

S. euadenia

S. pinardii

S. antalyensis

S. buttleri

S. pseudopinardii

S. chasmosericea

Reticulate
Coarse protrusions
Smooth or slightly
reticulate

Ovaterectangular

Ovaterectangular

Reticulate

Ovaterectangular

Ovate

Reticulate

Coarse protrusions

Coarse protrusions

Nutlet surface

Ovate

Ovate

Ovate

Shape

1.31 ± 0.10 d

3.26 ± 0.12 ab

2.31 ± 0.16 c

3.18 ± 0.10 b

2.17 ± 0.12 c

3.14 ± 0.12 b

3.49 ± 0.18 a

Length (L)
(mm) (1)*

0.84 ± 0.06 e

1.95 ± 0.08 a

1.89 ± 0.12 ab

1.23 ± 0.06 d

1.45 ± 0.12 c

1.22 ± 0.08 d

1.36 ± 0.10 cd

Width (W)
(mm) (2)*

Nutlet dimensions

1.55

1.67

1.22

2.58

1.49

2.57

2.56

L/W
(3)

Ruminate

Scalariform

Reticulate

Reticulate

Rugose
Reticulatefoveate
Reticulate

Nutlet surface
ornamentation

Unclear

Sunken

Raised

Raised

Raised

Raised

Unclear

Anticlinal
cell wall

Polygonal cells

Polygonal cells

Unclear
Alveolate or
polygonal cells
Polygonal cells

Epidermal
cell structure

Unclear

Unclear

Concave or Rectangular or
convex
polygonal cells

Convex

Convex

Concave

Concave

Unclear

Periclinal
cell wall

*Mean value ± standard deviation; means with different letters are significant at P = 0.05 according to Duncan’s multiple range test. L: Length, W: width.

Color

Taxa

Table 2. Nutlet morphological structures of the examined taxa.
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Figure 2. The micromorphological structures of nutlets of the examined taxa: 1–3- S. longiflora, 4–6- S. euadenia, 7–9- S. pinardii,
10–12- S. antalyensis. 13–15- S. buttleri, 16–18- S. pseudopinardii, 19–21- S. chasmosericea.

which was seen in 4 of the examined taxa. We identified 2
different types of nutlets: ovate and ovate-rectangular.
The ovate shape was more frequent than the other. The
nutlet dimensions varied between 1.31 mm and 3.49 mm

in length and between 0.84 mm and 1.95 mm in width.
S. longiflora, S. pseudopinardii, and S. chasmosericea
were remarkably different from the rest of the studied
taxa in terms of the nutlet dimensions. Moreover, the
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Figure 2. (Continued).

nutlet surface structures differed among the taxa: coarse
protrusions, reticulate and smooth, or slightly reticulate
(Table 2; Figure 1).
The surface ornamentation, anticlinal and periclinal
cell walls, and epidermal cell structures of the nutlets
were micromorphologically examined. The nutlet surface
ornamentation was observed as 5 types: reticulate, rugose,
reticulate-foveate, scalariform, and ruminate (Table 2;
Figure 2). The most common type was reticulate, detected
in S. pinardii, S. antalyensis, and S. buttleri, while rugose
(in S. longiflora), reticulate-foveate (in S. euadenia),
scalariform (in S. pseudopinardii), and ruminate (in S.
chasmosericea) ornamentations were characterized for
each taxon. The anticlinal cell walls of the studied taxa were
sunken, raised, or unclear. A sunken cell wall was observed
in those with scalariform ornamentation, while those with
reticulate-foveate and reticulate ornamentations exhibited
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a structure occurring in interspaces enclosed with raised
walls. The anticlinal cell walls of those with ruminate and
rugose ornamentation were unclear. The periclinal cell
wall shape was convex (in 3 taxa), concave (in 3 taxa), or
unclear (in 2 taxa) (Table 2). There was no connection
between the ornamentation type and periclinal cell wall,
excluding those that were ruminate and rugose, whose cell
walls were unclear. Moreover, the cell shape on the nutlet
surface varied: alveolate, rectangular, polygonal, or unclear.
The most common cell types were polygonal, circular, and
alveolate, while rectangular cells were rare (Table 2).
The outcomes of the anatomical examinations
performed on the nutlets are presented in Table 3 and
Figure 3. The nutlets of the examined taxa were evaluated
in terms of the structure and thickness of the exocarp,
mesocarp, and endocarp; endosperm thickness; size of
the cotyledon; and presence or absence of crystals. The

KARAİSMAİLOĞLU and GÜNER / Turk J Bot

Figure 3. The pericarp structures of nutlets of the examined taxa: 1- S. longiflora, 2- S. euadenia, 3- S.
pinardii, 4- S. antalyensis, 5- S. buttleri, 6- S. pseudopinardii, 7- S. chasmosericea (ex: exocarp, me:
mesocarp, c: crystal, en: endocarp, scale bars: 100 µm).

pericarp thickness of the studied taxa ranged from 105.14
µm (S. pinardii) to 189.23 µm (S. pseudopinardii). The
exocarp was either parenchymatic or sclerenchymatic and

consisted of flat, cubic, rectangular, or crushed cells with
1–3 layers. The thickness of this layer ranged from 21.77
µm (S. chasmosericea) to 88.42 µm (S. pseudopinardii).
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Figure 4. The cotyledon and endosperm structures of nutlets of the examined taxa: 1- S. longiflora, 2- S. euadenia, 3- S. pinardii, 4- S.
antalyensis, 5- S. buttleri, 6- S. pseudopinardii, 7- S. chasmosericea (e: endosperm, co: cotyledon, scale bars: 100 µm).

The mesocarp differed notably by its cell form (alveolar
or polygonal), number of layers (between 3 and 9), wall
structure (undulated and thick- or thin-walled), and cell
type (regular or irregular cells) (Figure 3). The mesocarp
thickness varied between 59.86 (S. longiflora) and 149.74
µm (S. chasmosericea). Crystals were seen in the mesoderm
layer of the nutlets in most of the studied taxa (Table 3;
Figure 3). Exceptionally, the presence of crystals was not
observed in S. buttleri. The endocarp comprised 1 layer of
flat cells that were sclerenchymatous or parenchymatous,
with an average thickness that ranged from 0.86 µm (in
S. antalyensis) to 6.13 µm (in S. pinardii). The endosperm
of the studied taxa was 1 or 5 layers that consisted of cells
that were mostly flat and rarely cubic. The endosperm
thickness varied between 34.41 µm and 96.36 µm; the
widest endosperm was noted in S. antalyensis, while the
narrowest was seen in S. longiflora (Table 3; Figure 4).
The cotyledon size ranged from 305.27 µm to 641.04 µm
in length and from 105.66 µm to 251.14 µm in width.
Stachys longiflora, S. antalyensis, and S. chasmosericea were
notably dissimilar from the rest of the examined taxa in
accordance with the cotyledon size (Table 3; Figure 4).
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A dendrogram displaying the variances or similarities
among the studied taxa was created using the numerical
analysis of the nutlet morphological and anatomical
characters. A dendrogram was made on account of the
cluster analysis of the examined Stachys taxa, based on
the variation of 10 characters in 7 taxa. The cophenetic
correlation coefficient showed the relation between the
dendrogram and similarity matrix (Figures 5 and 6; Table
4). The cophenetic correlation between the similarity
matrix and dendrogram was 0.69, which represented a
good match.
Our cluster analysis separated the taxa into 2 major
clusters, as A and B. Cluster A contained S. chasmosericea
and S. pseudopinardii. Cluster B1 comprised S. antalyensis,
S. buttleri, and S. euadenia. Cluster B2 included S. pinardii
and S. longiflora (Figure 4). S. buttleri and S. euadenia
were the most closely related taxa (similarity coefficient of
0.997), while S. longiflora and S. chasmosericea were the
most distantly related taxa (similarity coefficient of 0.776)
(Figure 6; Table 5). Cluster B1 had the highest number of
taxa when compared to the other clusters.

29.88 ±
5.41 d

1 layer,
parenchymatous
cubic or flat cells

160.87 ±
5.45 c

105.14 ±
4.59 f

149.72 ±
3.97 d

S. euadenia

S. pinardii

S. antalyensis

S. buttleri

P

5–6 layers,
parenchymatous
polygonal or
alveolar cells

8–9 layers,
100.46 ±
sclerenchymatous
3.54 d
polygonal cells
5–6 layers,
108.25 ±
sclerenchymatous
2.86 c
polygonal cells

2–3 layers,
41.38 ±
parenchymatous flat
3.98 bc
or rectangular cells
88.42 ±
3.56 a
21.77 ±
1.95 e

1 layer,
parenchymatous
rectangular cells

1 layer,
sclerenchymatous
crushed or
rectangular cells

112.68 ±
3.17 f

189.23 ±
6.18 a

174.80 ±
2.16 b

S. pseudopinardii

S. chasmosericea

P

P

6.13 ±
0.54 a

1 layer,
1.24 ±
sclerenchymatous
0.11 e
flat cells

1 layer,
2.05 ±
sclerenchymatous
0.15 c
flat cells

1 layer,
1.28 ±
sclerenchymatous
0.08 e
flat cells

1 layer,
0.86 ±
sclerenchymatous
0.10 f
flat cells

1 layer,
parenchymatous
flat cells

1 layer,
1.56 ±
sclerenchymatous
0.08 d
flat cells

1 layer,
2.81 ±
sclerenchymatous
0.21 b
flat cells

37.19 ±
1.29 e

61.44 ±
3.18 c

54.32 ±
1.16 d

96.36 ±
2.14 a

69.15 ±
2.11 b

67.82 ±
4.47 bc

34.41 ±
2.53 e

Thickness Thickness
(µm) (7)* (µm) (8)*

Endosperm

W (10)*

305.27 ± 105.66 ±
4.65 g
3.17 f

341.12 ± 181.98 ±
4.36 f
3.81 e

398.83 ± 210.77 ±
4.88 e
6.55 c

418.10 ± 251.14 ±
5.13 d
4.52 a

510.74 ± 205.22 ±
8.91 b
6.59 cd

463.86 ± 249.41 ±
16.54 c 7.84 ab

641.04 ± 239.84 ±
28.17 a 8.95 b

L (9)*

Cotyledon
sizes (µm)

*Mean value ± standard deviation; means with different letters are significant at P = 0.05 according to Duncan’s multiple range test. P: Presence, A: absence, L: length, W: width.

5–6 layers,
149.74 ±
sclerenchymatous
2.45 a
polygonal cells

P

3–4 layers,
118.57 ±
sclerenchymatous
3.79 b
polygonal cells

37.03 ±
2.39 c
A

P

118.23 ±
3.48 b

P

3–4 layers,
59.86 ±
sclerenchymatous
7.88 f
polygonal cells

Endocarp
Presence
or absence
Thickness of crystals
Structure
(6)*

3 layers,
87.44 ±
sclerenchymatous
4.77 e
polygonal cells

48.46 ±
3.65 b

52.14 ±
6.48 b

2 layers,
parenchymatous
flat cells

1 layer,
parenchymatous
rectangular or flat
cells
1 layer,
sclerenchymatous
flat cells

Mesocarp
Thickness
Structure
(µm) (5)*

126.15 ±
6.63 e

Thickness
Structure
(µm) (4)*

Exocarp

S. longiflora

Taxa

Pericarp

Table 3. Nutlet anatomical structures of the examined taxa.
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Figure 5. Cluster analysis of the studied taxa.
Table 4. Similarity matrix of the examined taxa.
Taxa

1

2

3

4

5

6

7

S. longiflora (1)

1

-

-

-

-

-

-

S. euadenia (2)

0.971

1

-

-

-

-

-

S. pinardii (3)

0.985

0.982

1

-

-

-

-

S. antalyensis (4)

0.954

0.996

0.972

1

-

-

-

S. buttleri (5)

0.979

0.997

0.989

0.993

1

-

-

S. pseudopinardii (6)

0.925

0.968

0.937

0.965

0.961

1

-

S. chasmosericea (7)

0.776

0.931

0.894

0.917

0.915

0.951

1

Figure 6. Principal component analysis of the examined taxa.
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4. Discussion
Macromorphological investigations of the nutlets of
Lamiaceae have proven beneficial at various levels of the
taxonomic hierarchy (Wojciechowska, 1966; Marin et al.,
1996; Moon and Hong, 2006). This study showed that the
surface, color, and dimensions of the nutlets were valuable
characters in discriminating the taxa. Black nutlets
dominated in the subsection; however, a small number of
taxa had taupe nutlets. The color was effective in separating
some of the closely related taxa in terms of population
appearances and floristic characters, such as S. euadenia
– S. pinardii and S. buttleri – S. pseudopinardii. Moreover,
the nutlet size displayed a wide range of variation and had a
diagnostic value for taxon recognition. While S. longiflora
and S. pseudopinardii had the largest nutlets, those of S.
chasmosericea had the smallest. Fruit surface morphology
mirrors natural selection and adaption in terms of ecological
aspects (Tegel, 2002). This varied among the taxa as coarse
protrusions, reticulate and smooth, or slightly reticulate.
This character helps to adapt to the different habitats of
the taxa. The nutlet shape was mostly of limited taxonomic
value in the studied taxa; it was uniform. Contrary to what
Bhattacharjee (1982) stated in Flora of Turkey, in which
the nutlet shapes were described as oblong-elongate in S.
longiflora, elongate-trigonous in S. euadenia, obovoid in S.
pinardii, and trigonous in S. pseudopinardii. As a result of
the detailed observations made on many samples in this
study, the nutlet shapes of the stated taxa were determined
as ovate or ovate-rectangular.
Comparative investigations of the micromorphological
structures on the surfaces of the nutlets can reflect very
important data in terms of systematics. Heywood (1971)
proposed the significance and efficiency of SEM in
answering taxonomic difficulties. Many researchers have
reported that nutlet microstructures are useful characters
in discriminating the taxa within the family Lamiaceae
(Jamzad et al., 2000; Moon and Hong, 2006; Kaya and
Dirmenci, 2008; Salmaki et al., 2008; Kahraman et al.,
2011; Eshratifar et al., 2011; Satıl et al., 2012; Ecevit-Genç
et al., 2017; Khosroshahi and Salmaki, 2018). In this study,
nutlet surface micromorphological patterns displayed a
wide range of variation and had diagnostic value for species
recognition. The nutlet surface ornamentation types were
very compatible with the morphology of the bract and
flower parts, which was the most significant morphological
characteristic in the interspecific classification of the genus
Stachys. We found 5 surface ornamentation types for the
7 taxa: reticulate, reticulate-foveate, rugose, ruminate,
and scalariform. Reticulate ornamentation was the most
common among the studied taxa. At the same time, it was
the basic type in studies performed on different sections
of the genus, and within the family Lamiaceae (Husain et
al., 1990; Kaya and Dirmenci, 2008; Salmaki et al., 2008;

Satıl et al., 2012). Likewise, rugose ornamentation was
previously seen in Phlomoides Moench (Khosroshahi and
Salmaki, 2018), Marrubium (Akgül et al., 2008), and Salvia
(Polat et al., 2017). Ruminate ornamentation was observed
in Phlomoides (Khosroshahi and Salmaki, 2018) and
Stachys (Salmaki et al., 2008). Scalariform ornamentation
was observed in the genera Phlomoides (Khosroshahi and
Salmaki, 2018) and Stachys (Salmaki et al., 2008).
The anatomical investigations performed on the nutlets
of the family Lamiaceae have shed light on taxonomic
problems, and they have shown that the nutlet anatomical
structures can be utilized as a reliable character in the
taxonomy, as well as the clarification of evolutionary and
phylogenetic relations among the taxa (Ryding, 1992, 1994,
1995, 2001; Harley et al., 2004; Moon and Hong, 2006). The
pericarp structure of the family Lamiaceae is composed of
an exocarp and mesocarp, including sclerenchymatous or
parenchymatous layers, and an endocarp (Wojciechowska,
1966). In this study, some anatomical characters, such
as the pericarp thickness, thickness and structure of the
exocarp and mesocarp, thickness of the endosperm, and
cotyledon size, demonstrated variations among the studied
taxa. At the same time, Marin (1999) and Moon and Hong
(2006) reported that the pericarp thickness in the tribe
Nepetoideae of Lamiaceae was usually linked to nutlet size.
No similar situation was found in this study; the pericarps
of the S. chasmosericea nutlets were very thick (174.80 µm),
although the nutlets of this taxon were smaller than in the
rest of the taxa (1.31–0.84 mm). Tannins are believed to
be used in plant defense against dehydration, decay, and
harm by predators (Fahn, 1990; Moon and Hong, 2006).
A tanned layer was usually encountered in the exocarp
or mesocarp of the studied taxa. In the family Lamiaceae,
the parenchymatous layer ranged from 1 to 5 layers of
comparatively thin cells in the mesocarp layer (Ryding,
1992; Duletic-Lausevic and Marin, 1999; Moon and Hong,
2006). In most of the taxa, the examined sclerenchymatous
layer was 59.86–149.74 µm thick, with distributed crystals;
only S. euadenia contained parenchymal cells in this
layer. The thickness of the sclerenchymatous region in
the mesocarp was more than half of the total pericarp
thickness in most of the species examined.
Myxocarpy, which is the phenomenon of
manufacturing mucilage when nutlets are wet, has been
an issue in the family Lamiaceae (Hedge, 1970; Grubert,
1974; Witztum, 1978; Ryding, 2001; Harley et al., 2004;
Moon and Hong, 2006). However, it was notable that no
mucilage was observed on the nutlet surface of any of the
studied Stachys taxa. The environmental connection of
mucilage has been reported by many researchers (Hedge,
1970; Ryding, 2001; Moon and Hong, 2006). According
to Ryding (2001), the absence of mucilage is linked with
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some characters of the nutlet or is related to the species’
environments, which are generally moist habitats, not dry.
The studied Stachys taxa grew in low-humidity regions and
did not include mucilaginous fruits.
A dendrogram was designed for an assessment of the
morphological and anatomical properties of the nutlets
of the examined Stachys taxa using UPGMA cluster
analysis. The dendrogram, displaying 2 major clusters,
was in agreement with the results of Bhattacharjee (1982).
The nutlet morphological and anatomical variations were
detected at the species level. It seems that the morphological
and anatomical features were compatible with the present
classification, with some exceptions. In other words, the
morphological and anatomical characters of the nutlets
supported the utilized characters in the distribution of
Stachys species in Flora of Turkey.
In conclusion, studying the morphological and
anatomical characteristics of the nutlets of taxa in
the subsection Fragiles of Stachys offered important
contributions to the systematics of species within the
genus. The differences between this work and past studies
on the topic can be noted as follows:
1) A comprehensive morphological and anatomical
investigation was made for the first time, covering all of
the taxa in the studied subsection.
2) The pericarp structure of the examined taxa of
Stachys displayed prominent micromorphological and
anatomical differences and thus has presented noteworthy
help for the classification of the species within the genus.

3) The outcomes were evaluated using statistical
analyses and their consistency was questioned.
4) A key was given for the identification of the studied
taxa based on the nutlet characters.
Key to the examined Stachys taxa from Turkey, based
on the nutlet characters
1. Nutlets are black ............................................................... 2
2. Nutlet shape is ovate ....................................................... 3
3. Nutlet width is between 1.7 and 2 mm .......... S.buttleri
3. Nutlet width is between 1.3 and 1.6 mm ...... S.pinardii
2. Nutlet shape is ovate-rectangular ................................. 4
4. Nutlet surface ornamentation is reticulate ...................
.............................................................................. S.antalyensis
4. Nutlet surface ornamentation is ruminate ......................
......................................................................... S.chasmosericea
1. Nutlets are taupe ............................................................... 5
5. Nutlet shape is ovate-rectangular ....... S.pseudopinardii
5. Nutlet shape is ovate ....................................................... 6
6. Nutlet surface ornamentation is rugose ........ S.longiflora
6. Nutlet surface ornamentation is reticulate-foveate .......
................................................................................. S.euadenia
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